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Should we and can we classify the
atmosphere to cloudy and cloud-
free?

Or
Is it a binary set?



Upper image - picture of
a single cumulus cloud
and apparent clear sky

Middle image — most of
the molecular scattering
was removed — no
background gradients

Lower image - by
masking out the obvious
cloud pixels the new
dynamic range allows
us to see the extent of
the twilight zone and
how the clear sky is not
SO clear



Clouds form the perfect fuzzy
set
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Pixel resolution 50m

Normalized reflectance



MODIS ANALYSIS

True color

Pixel resolution 1km
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Reflectance as a function of the
Distance from the nearest cloud for
the 3 thresholds












MODIS Analysis

o 3D effects (Wen et al, 2006)
o Crosstalk
 Hard to get climatology







# 10000 -

# of events

8000 -
6000 |-
4000 -
2000 -
Ok o ! 1 T T T T T
0 10 20 30 40 50 60 70 80
Time interval between measurments
—~
(2]
1
c
[
>
(O]
y—
o
H*
N—r
(@]
o
-

Time interval distribution for
Alta-Floresta Aeronet Station

Vop

Ay

| |
100 150 200
Time intenal between measurments

dt

250

300






yrdaq [eondo |0solay

dt



Time interval (dt) vs. Aerosol optical thickness
for Beijing, Mexico, Rome






Alta-Floresta, Brazil, dry-season 2000-2007



16 Aeronet sites

e 6 biomass
e 4 clean — marine
* 6 - pollution
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What is the twilight? Cloud or humidified aerosols?

The answer to this question is clearly 'both'. Clouds form a classic fuzzy set.
The uncertainty of what is cloud and what is cloud-free is an inherent property of the
nature of the atmosphere and do not depend on the method by which one detects
clouds. Any cloud detection method that will attempt to classify pixels to cloud and
cloud free would miss clouds with weak signal (spectral and spatial). Moreover the
uncertainty is symmetric in time and in space. Forming or evaporating clouds are
expected to coexist with detectable clouds. And an individual cloud, during his life
cycle will form from vapors and will dissipate.

We are using the detectable clouds as proxies for undetectable clouds.
The basic assumption is that in the vicinity of a cloud field some of the clouds
are detectable and some are undetectable due to their weak signature.
Therefore, the probability for existence of an undetectable cloud is correlated to the
distance from the nearest detectable cloud.

It is also expected that the relative humidity will be enhanced near clouds,
therefore, unactivated aerosols are expected to be humidified near clouds. We
expect to find both undetectable clouds and humidified aerosols near detectable
clouds and as the distance from the nearest cloud field increases the free
atmosphere will contain less clouds and drier aerosols.



Twilight is a property of the cloud-field
not a single cloud

Twilight Ingredients;
Humidified aerosols
Cloud patches
Hesitant clouds



What Is the relative area of the twilight
zone?
Theoretically if the global cloud fraction was concentrated in one

cloud (say 50%) the belt of 10km around the cloud would be only
0.1% of the globe (570000km?2).



But for realistic cloud distribution the twilight zone is much larger.

For average global cloud fraction of 0.51 the area of the belt of 10km
was 17% (87.5 million square km) and the area of the 30km width belt
Is 30% of the globe (154.5 million square km).



Do we always see the twilight
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What's Next

How Is the twilight depends on:
the aerosol properties
the local conditions and the cloud (field) type

better quantify the twilight optical properties
whet Is the forcing
how well do we measure it

possible feedbacks on secondary cloud formation
and on precipitation



Dedicated to the memory of Yoram Kaufman, a dear friend and a brilliant scientist



Main Entry: twi-light

Pronunciation: 'twl-"lIt

Function: noun

Usage: often attributive

1 : the light from the sky between full night and sunrise or
between sunset and full night produced by diffusion of
sunlight through the atmosphere and its dust; also : a time
of twilight

2 a . an intermediate state that is not clearly defined <lived
in the twilight of neutrality -- Newsweek>

2 b : a period of decline <the twilight of a great career>



